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ItaroductUm 

Prior  to  the  ad\-em  of  commercially 
available  electronic  spreadsheet  programs 
in  1980.  calculation  erf  results, 
presentation  of  raw  data  and  results, 
Recking  of  calculations  and  information 
storage  were  usually  separate  manual 
tasks.  This  was  time  consuming,  laborious 
and  prone  to  human  error.  Spreadsheet 
programs  provide  a  quicker,  more 
accurare  means  of  data  manipulation. 

MRL-Tasmatria  fonns  the  Food  ScierKe 
Branch  of  the  Protective  Chemistry 
Division  of  the  Materials  Research 
Laboratory,  a  pan  of  the  DefetKC  SderKC 
and  Technology  Organisation  within  the 
Commonwealth  Deponmeni  of  DefeiKC. 
The  laboratory  makes  extensive  use  of 
electronic  spreadsheets  for  the  calculation 
of  results,  collation  and  presenution  of 
raw  and  final  data,  storage  of  dau  and 
formulae  used  for  calculations, 
preparation  of  presenution  graphics  and 
as  a  convenietv  aid  to  quality  assuratKe. 
Spreadsheets  have  been  created  for 
moistute,  sak,  protein,  fat,  energy, 
carbohydrate,  metals  atxl  niacin 
determinations. 


An  electronic  spreadsheet  may  be 
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defined  as  an  array  of  individually 
accessible  cells  which  may  contain  dau, 
alphanumeric  labels,  “macro''  commands 
or  formulae.  Formulae  are  construaed 
from  mathematical  operators,  constants, 
references  to  other  cells  and  built  in 
functions,  including  those  fet  sdentific 
and  sutistical  calculations  (1).  Dau  is 
entered  via  a  keyboard  or  read  from  a 
file  created  using  data  .acquisition 
software. 


Moisture  Determination  Date 
Filename 

Weighed  by;  Ross  Coad  14/1/91 
nxjistM.jan 

Calculated  by:  Ross  Coad  16/1/91 
Checkedby:  " 


Figure  1  The  spreadsheet  header  should 
include  information  to  ensure  traceability. 


History 

In  1980  an  electronic  spreadsheet 
program  called  ITsr'Oafc  (Softwjare  Arts) 
became  available  for  microcomputers. 

The  program  recreated  the  accountant’s 
spreadsheet  on  the  computer  screen.  It 
hud  many  applicatioru  in  the  siiences, 
including  chemical  calculations. 

Imiuiions  followed  and  one.  Supercalc, 
developed  by  Sorcim,  met  with  market 
success.  This  program  wus  cheaper  than 
VisiCatc  and  improved  on  some  of  its 
features. 

In  1983  Lotus  De\’elop>ment 
Corporation  released  lotus  1-2-3.  For  the 
first  time  the  three  features,  electronic 
spreadsheet,  business  graphics,  arrd 
daubase  marugement,  were  comlrfned 
into  one  package  (2).  h  was  developed 
to  run  on  the  IBM  PC  atxl  other  MS-DOS 
hardware.  Lotus  1-2-3  aixl  its  revisions 
have  continued  to  be  very  popular, 
particularly  in  large  corporations. 

Sate  of  the  art  features  indu^ 
multiple  spreadsheets,  high  resolution 
graphics,  interfacing  with  word 
processing,  import  of  automatic  dau 
acquisition  files,  dau  base  managers  atxl 
dynamic  dau  exchange  (DDE).  Muhipie 
spreadsheeu  and  spreadsheet  linkitig  is  a 
feature  being  matkaed  by  many  software 
con^ranies.  lotus  1-2-3  Release  3  (Lotus 
Development  Cotporation,  1969)  allows 
three  dimensiona]  spreadsheeting  by 
petmittirg  multiple  spreadsheets  in 
memory  at  the  same  time,  muh^ 
spreatUieea  per  file,  and  links  between 
qsreadsheets,  even  if  they  reside  in 
different  files  (3).  Worksheet  Unking  is 
one  of  iQuaiim  AqftefonofkfBoriutd, 
1969)  moat  Impoitant  features.  Up  to  M 
woricaheea  can  be  conaoUdaie^  and 


even  put  on  the  screen  (4). 

Most  spreadsheeting  software  will 
export  files  in  ASCII  format  accepuble  to 
most  word  processors.  PlanPeifect  5.0 
(WordPerfect  Corporauon,  1989)  offers 
word  processor  file  compatibility  and  will 
import  and  export  Worcfferfect  4.2  and 
3.0  files.  The  ability  to  read  dau  files 
from  other  software  is  a  feature  expected 
of  spreadsheet  packages.  20'20  C4ccess 
Tedinology,  1989)  reads,  writes  and 
consolidates  Excel  and  Lotus  1-2-3  WKS 
and  WKI  files  into  20/20  and  vice  versa 
(5). 

Within  the  Windows  environment, 
-Nliooscrft’s  Dynamic  Data  Exchange 
makes  it  possible  to  share  information 
between  spreadsheet  and  daubase 
applications  (6).  Once  the  link  has  been 
made  between  a  spreadsheet  and  a  copy 
of  that  spreadsheet  in  a  word  processing 
document  any  changes  made  in  the 
source  spreadsheet  w’ill  be  updated  in 
the  word  processing  copy.  Another 
Windows  capalrflity.  Object  Unking  and 
Embedding  (OLE),  allows  the 
spreadsheet  to  be  tun  from  within  the 
word  processing  doctiment  (7). 


Benefits 

The  benefits  gaitted  from  using 
spreadsheets  will  depetxl  largely  on  the 
suitability  of  the  padoge  to  the 
application.  Benefits  obtained  should  at 
least  itxdude  speed  of  dau  man^xilatian, 
ease  of  accurate  record  keeping  atxl 
traceability  of  results. 

Prior  to  the  devdopment  of  electronic 
spreadsheets  daa  was  obtained  from 
tnauumeniadon  via  a  printout  or  by 
vteiaDy  readkig  die  dfepby.  Thb  was 
then  ttansafljed  to  a  lesuk  book, 
calculations  perfomied  using  a  cakulaior, 
tesuhs  plotted  if  neoessaiy  and  a  repon 
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g^neiaied  The  results  wcxjid  be 
approved  by  the  laboratory^  mattager,  or 
his  delegate,  alter  checking  the  ligures. 

Some  bbmtories  had  bm  aUe  to 
improve  their  data  manipulation  and 
presentation  using  custom  wrinen 
software  or  programmaUe  calculators, 
but  the  former  was  expensh'e.  and 
therefore  available  to  only  the  larger 
laboratories,  and  the  laner  did  little  more 
than  speed  up  the  calculations. 

Spreadsheet  programs  provide  a  quick 
and  accurate  means  of  data 
manipulation.  A  single  keystroke  may  be 
used  to  evaluate  all  formulae;  each  cell 


required. 

Spreadsheets  also  offer  benefits  in 
terms  of  checking  of  results  and 
archiving;  these  are  disoissed  in  the 
section  on  quality  assurance. 

Automatic  data  acquisition  sof^are 
linked  to  a  spreadshM  eliminates 
operator  error  in  reading  and  entering 
data,  drawing  standard  curves  and 
plotting  results.  It  saves  time  nomnally 
spent  on  these  tasks  and  producing  a 
final  report. 

The  Food  Sdence  Section,  MRL- 
Tasmania,  as  a  National  Association  of 
Testing  Authorities  (NATA),  registered 


a  title  describing  the  calculations 
performed  by  the  spreadsheet. 

•  Filename;  used  to  record  the 
spreadsheet  data. 

•Weighed  by;  name  of  the  person  who 
weighed  the  sample  for  the  analysis  or 
for  a  particular  parameter  of  the  analy’sis. 
Separate  entries  must  be  made  for 
different  parameters  if  they  involve 
different  people. 

•Weighed  date;  which  is  the  date  the 
sample  was  weighed  out  for  the  analysis. 
Separate  entries  must  be  made  if  more 
than  one  person,  or  more  than  one  date, 
is  involved. 


Rgure  2  Three-dimensional  graphics  are  possible  with  some  spreadsheeting  padcages. 


does  not  rteed  to  be  calculated 
irKfivkhially. 

Operators  without  programming 
experience  can  martipiuiaie  dtemical  data 
attd  perform  i«p>etitive  calculations.  Most 
modem  packages  indude  on-line  help 
atxl  a  tutorial,  usually  based  on  an 
accoun^g  application.  Therefore 
^treaddteets  can  be  introduced  to  the 
bbocaory  without  the  necessity  for 
intensive  training  courses. 

The  ability  to  tailor  each  spreadsheet, 
flrsly  to  the  specific  requitemenis  of  a 
pattinibr  analysis,  and  secotKOy  to  the 
more  panicuhr  lequiiemem  of  an 
indhidual  run,  b  a  useful  feature.  It  offers 
^>auM  a  combmaiion'of  fixed  and 
flexfele  fonma,  A  tnaaicr  spreadsheet 
may  be  set  up  and  usad  for  protein 
<>meniiiiwior»forexainpfe.toindMdual . 
CHes  the  ^praadriteei  in^  be  akeicd  ff  a 
dBferam  mmber  of  sianchrdt  or  blanks 
are  used  or  if  a  different  protein  fecior  b 


bboratory,  is  required  to  maintain 
accurate  analyss  records,  including 
pieople  artd  dates  invt^ed.  whidi  can  be 
trac^  back  to  the  raw  data.  Thb  can  be 
effectively  achieved  by  the 
implememaiion  of  ^>ieadsheei  quality 
assurance  pwocedutes, 

QuaUty  assunmce 
Quality  assurance  of  spreadsheets  b 
prardcubriy  important  if  nuodmum  benefit 
b  to  be  obtained  from  thb  techrwlogy. 
Thb  may  be  adiieved  by  ensurirqi  that  a 
srandard  format  b  adop^  for  setting  out 
qtreadsheet  infotmation,  master  sheets 
are  proieocd  from  overwriting  and 
spreadsheet  checking  piocedtm  are 
foBowed.  MRLrTromanb's  L^xmory 
Qualky  Manual  requbes  dnt  the 
folOTring  Infetmation  be  induded  fei  the 
^aeaddiM  hcKler  M  provide  a  dev 
audit  trail  (Figure  I> 

•  Spreadsheet  ippiication  name;  which  b 


•  Cakubted  by;  name  of  the  pxrson  who 
entered  the  data  into  the  spreadsheet  and 
undenook  the  cakubtions. 

•  Cakubted  date;  wbkh  is  the  date  on 
which  cakubtions  were  dotte. 

•  Checked  by;  name  of  the  person  who 
dtedced  the  accuracy  of  the  entries  aiKl 
formube  used  for  the  cakubtions. 

•  Checked  date-,  which  b  the  date  the 
check  was  made. 

•  Ffiename  for  other  data;  a  cross 
reference  must  be  induded  to  any  other 
spteaddteeis  used  to  provide  data  for  the 
cunent  qfveadsheet 

AD  qxeadsheeis  must  indude  detaib  of 
cadibtKian  cakubtions,  sample  numbv 
and  name  for  each  cakubtion.  Consiams 
wMd)  are  to  be  used  in  cakidating 
results  should  be  Bated  in  die  heads.  Log 
books  must  rofewnce  any  qareadilics 
fDe  used  for  edcubdons.  .  . 

A  masts  spreaddicet  can  be  as  up 
wkh  die  ncccasaiy  fortnuiae  wbkh  are 
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verified  against  a  manual  calculation 
before  release  to  c^>erator$.  Data  can 
then  be  entered  for  statistical  and 
arithmetical  calculations  to  be  performed. 
A  procedure  should  be  established 
whereby  alterations  to  formulae  may  only 
be  made  with  authorisation.  Individual 
cells  can  be  locked  so  that  formulae 
cannot  be  altered  accidentally.  In 
addition,  the  integrity  of  the  maaer 
spreadsheet  may  be  safeguarded  by 
marking  it  as  a  “read  only"  file  in  MS- 
DOS  which  cannot  be  accidentally  over¬ 
written  by  saving  another  spreadsheet  in 
the  same  name. 


The  spreadsheet  checking  procedure 
should  involve  a  person  other  than  the 
analyst.  Checking  spreadsheets  consists 
of  ensuring  that  the  raw  data  was 
accurately  entered,  the  format  has  not 
been  changed,  all  name  and  date  fields 
have  been  luIcJ  in  and  formulae  are 
correct.  There  is  no  need  to  laboriously 
recalculate  individual  figures.  A 
procedure  which  may  have  taken  an 
hour  can  now  be  completed  in  five  or 
ten  minutes. 

A  spreadsheet  file  may  be  archived 
once  all  checks  have  been  completed 
and  the  results  released.  Archiving  has 
the  usual  advantages  inherent  in  diskette 
storage,  namely  space  saving  and  ease  of 
retrieval.  NATA  requires  all  data  to  be 
retained  by  the  laboratory  for  five  years. 
The  ability  to  retrieve  files  at  a  later  date 
and  manipubte  the  data  in  those  files  is 
of  particular  value  if  a  critical  error  or 
long  term  trend  is  observed. 


Data  and formula  entry 
The  entry  of  labels,  formulae  and  data 
varies  amongst  the  various  programs. 
Older  spreadsheet  programs  require 
labels  or  text  to  be  etKlosed  in  inverted 
commas.  Formulae  need  to  be  identified 
to  distinguish  them  from  te.xt  and  data. 
This  is  usually  achieved  by  an  iderttifying 
keystroke,  usually  a  mathematical 
operator,  immediately  prior  to  entering 
the  formula.  Data  can  usually  be  entered 
.  by  typing  in  the  figure  followed  by  either 
the  "enter”  key  or  an  arrow  key,  the  latter 
will  simultaneously  move  the  cursor. 
Movement  about  die  ^ireadsheei  is 
achieved  by  use  of  the  four  arrow  keys 
and  commands  which  specify  particular 
locations  on  the  spreadsheet.  Methods  of 
vfowing  spreadsheets  vary  according  to 
the  quality  of  the  monitor  and  the 
software. 

A  macro  may  be  used  to  automate 
tasks  which  are  petformed  repetitively.  It 
is  a  set  of  instructions  in  the  form  of  a 
sequence  of  keystrokes  and  oomnands. 

A  maao  is  usuafly  identified  by  a  one 
word  name  which,  when  invoked, 
causes  a  set  of  insouctions  to  be  canied 
out.  The  advatsage  of  maaos  te  that  time 
attd  effort  is  saved  by  using  one 
command  to  lepboe  a  series  of 
cormriands.  Th^  may  be  used  to  set  up 
worksheet  defaults  in  a  certain  way. 
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prompt  for  input,  handle  errors  and  oUiei 
applications. 


Calculations  and  graphics 
Before  a  calculation  can  be  performed  the 
formula  for  that  calculation  must  be 
entered  into  the  cell  in  which  the  result  is 
to  be  displayed.  The  formula  uses  bbels 
to  identify  cells  containing  data  upon 
which  the  calculation  is  to  be  petformed. 
The  calculation  process  is  initiated  by  a 
single  keystroke.  Formulae  may  be  copied 
to  a  range  of  cells  so  that  a  range  of  data 
points  may  be  calculated  without  having 
to  type  the  formula  into  each  cell  When 
using  a  constant  its  value  should  be 
entered  into  a  cell  and  hat  cell  identified 
by  its  location  or  reference.  Absolute  cell 
rrferencing  is  usually  used  to  identify  cells 
containing  constants,  because  the  formula 
can  then  be  copied  W'ithout  the  constant’s 
cell  reference  changing. 

C.a^hics  functions  may  be  used  to 
produce  histograms,  pie  charts  or  graphs 
from  spreadsheet  information.  Three 
dimensional  graphics  (Figure  2)  are 
available  with  some  packages. 

Resolution,  labelling  and  the  ability  to 
display  error  bars  are  areas  where 
programs  vary  in  their  capabilities  and 
each  new  version  offers  improvements. 


Data  acquisition  software 
There  is  a  targe  range  of  these  programs 
designed  to  be  tun  on  various  ' 
instruments  and  ituerfacing  with  a  range 
of  spreadsheets.  Labtech  Notebook 
(Laboratory  Technologies  Corporation, 
1984)  is  a  data  acquisition  software 
package  which  has  been  designed  to 
interface  with  programs  such  as  Lotus 
1-2-3  (8).  Lotus  Measure  (Lotus 
Development  Corporation,  1967)  collects 
data  from  instruments  and  stores  the 
information  directly  in  a  Lotus  1-2-3  or 
Lotus  Symphony  spreadsheet  for 
ansdysis,  storage,  and  display  (9). 

Software  can  be  develops  for  specific 
applications.  For  example,  an  Apple  Q 
bo^  data  acquisition  system  been 
developed  for  use  with  an  autoanalyser 
used  for  the  chemical  analysis  of  soil, 
plant  and  water  samples.  The  syaem 
provided  fully  automated  dau  capture, 
computer  dau  manipulation,  preparation 
of  ptitued  report  sheets  and  automatic 
dau  storage  on  magnetic  disk  (10). 

At  MRL-Tasmattia  chromatography  dau 
is  acquired  using  the  Nebon  2600 
Serka  Chrotmuoyapfay  Data  System 
(Nelson  Analyika],  1966).  This  data  can 
then  be  ooRveited  to  a  ftxm  which  can  . 
beneadandspteadsheetedbytheSna- 
bk  System  (The  Software  Group,  1966). 


Purcbasinggiridellmt 

There  is  tremendous  varitfkm  in  the 
range  of  spreadsheets  cutrendy  available. 
Th^  vary  in  their  abOicy  to  cany  out 
calculations,  macro  coinmands,  ease  of 
use,  compatibdiiy  wkh  hardware  and,  of 
course,  price.  The  most  expensive 


program  a  not  necessa.nly  the  best  for  a 
particular  application  and  there  is  little 
point  in  purchasing  a  program  which  has 
capabilities  fitr  in  excess  of  chose 
required. 

The  decision  to  purchase  must  be 
based  on  a  realistic  confidence  in  the 
ability  of  the  software  to  perform  as 
required.  When  considering  the  purchase 
of  a  spread^eet  program  it  is  important  to 
esubUsh  selection  criteria;  firstly  to  identify 
the  desirable  features  and  secondly  to 
ensure  that  the  spreadsheet  eventually 
purchased  will  poform  as  e.xpected 

If  there  is  a  need  to  display  three 
dimensional  dau,  for  example,  the 
selection  criteria  should  include  the 
ability  to  produce  3D  graphics.  Another 
selection  criterion  should  relate  to  the 
compatibility  of  software  and  hardware. 
This  can  be  checked  with  the  company 
marketing  the  software.  Some  offer  a 
Ucmonsirauoii  version  for  a  prospective 
buyer  to  evaluate. 

Once  the  required  capabilities  and 
comparability  cif  the  package  have  been 
identified  a  decision  must  be  made  on 
how  much  money  one  is  willing  to 
spend.  It  is  advisable  to  obtain  some 
pricing  prior  to  making  this  decision 
unless  one  is  already  well  informed  in 
these  matters. 


Conclusions 

Spreadsheets  offer  significant  benefits  to 
the  bboratory  and  may  be  introduced 
without  diffi^cy.  Good  quality  assurance 
of  laboratory  data  and  results  can  be 
maintained  if  the  bboratory  manager 
develops  clear  guidelines  for  the  creation 
of  a  spreadsheet,  maintenance  of  master 
spreadsheets  and  provision  of  an  audit 
trail  through  recording  of  source 
documentation  or  files.  Careful  selection 
of  a  spreadsheet  package  will  ensure 
satisfaction  with  its  petfotmanoe. 
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